The 2011 earthquake off the Pacific coast of Tohoku (known as the "Sendai Earthquake") occurred on March 11, 2011 and severely damaged the Tohoku coastal area facing the Pacific Ocean. The number of casualties in the Sendai earthquake, as of August 9, 2013, included 15,883 deaths, with 2656 people still missing. The cause of death for nearly 90% of those killed was drowning because many people were swept away by the resulting tsunami. Focusing on the area inundated by the current induced by the tsunami, even in adjacent areas, a difference was apparent in the inundation distances from the coastline. Clarification of the reason for this difference is necessary for city planning when considering disaster reduction in the future.
Introduction
The Great East Japan Earthquake occurred on March 11, 2011, and the coastal zones along the Pacific Ocean in the Tohoku area were inundated by the current induced by the resulting tsunami. There was extensive damage and loss of life in an instant; however, a difference was seen in the inundation area away from the coastline. In cases of extreme inundation in the Sendai plain, inland areas 5 km from the coastline were flooded. Although it is assumed that objects along the coastline, including houses, roads, rivers, cultivated land and coastal forestation inhibited the tsunami-induced current, the effect of these objects on inhibiting this current has yet to be clarified.
In this study, based on the damage after the Great East Japan Earthquake, the factors that inhibit or promote inundation from tsunami-induced currents were investigated using a neural network. From the results, we estimate the potential damage caused by a tsunami from the Tokai earthquake, which is predicted to occur in the near future.
Damage from tsunami due to the Great East Japan Earthquake
The Tohoku area along the coast facing the Pacific Ocean was severely damaged by the tsunami caused by the Great East Japan Earthquake. The wave height of the tsunami was reported to be between 2 and 21 m based on field investigations by numerous researchers [2] . Moreover, as shown in Figure 1 , the value of the maximum run-up height was reported to reach nearly 40 m [2] . Approximately 90% of the casualties from the Great East Japan Earthquake were a result of the tsunami [3] . Figure 2 shows examples of damage caused by the tsunami. Figure 3 shows the area in the Sendai plain inundated by the tsunami-induced current. The maximum distance of the inundation area from the coastline was reported to be approximately 5 km. However, as shown in Figure 3 , there is a difference in the distances of the inundation area from the coastline, even if the area is primarily flat. It is assumed that the inundation area is affected by objects on the ground (predictor variables).
Methodology

Estimation of factors that promote inundation
To investigate the effect of predictor variables, we selected a flat area of landthe Sendai plain. As shown in Figure 4 , 60 survey lines perpendicular to the coastline were set up at 200 m intervals. Along each survey line, the width of the beach, the width of coastal forestation, the width of fields including the ground (e.g., cultivated land), roads and parks, the width of big buildings such as factories and warehouses, the width of residential areas, the width of rivers perpendicular to the coastline, the width of rivers parallel to the coastline, the width of lakes and ponds, and the wave height were selected as predictor Examples of predictor variables.
variables to perform the analysis using a neural network. Figure 5 shows examples of these objects. As shown in Figure 6 , "the rivers perpendicular to the coastline" were defined as ranging from 0 to 45 from the survey line, and "the rivers parallel to the coastline" were defined as ranging from 46 to 90 from the survey line. The values of the predictor variables were measured as length across the survey line, and the values of the objective variable were equal to the inundation distance from the coastline along the survey line, as shown in Figure  7 . The degrees of importance of the predictor variables (the factors that promote inundation) against the objective variable were estimated a using neural network.
A neural network is a computational model based on the structure and functions of biological neural networks. Information that flows through the network affects the structure of the neural network because it changes, or learns, based on inputs and outputs. Neural networks are considered nonlinear statistical data modeling tools where the complex relationships between inputs and outputs are modeled or patterns are found. Here, we used an IBM software package, SPSS Neural Networks V 20, to create the hierarchical neural network. Example of method for measuring predictor variables.
Risk analysis for future tsunami
We conducted a risk analysis on the inundation for a future tsunami caused by the Tokai, Tounankai, and Nankai type earthquake. We selected the coast of Iwata City in Shizuoka Prefecture facing the Pacific Ocean as the study area, as shown in Figure 8 . A broad plain stretches out from coastline to inland, similar to the Sendai plain. It is estimated that a large earthquake will strike this area in the future, and the resulting tsunami will likely inundate towns along the coast. We divided this area into nine regions, each 3000 m long by 500 m wide, as shown in Figure 8 . The component ratio of land use was surveyed using aerial photographs and a field survey. We then assessed the degree of risk for each region. 
Results of analysis
Factors that promote inundation
The objective variable and predictor variables were measured using aerial photographs and survey results of the inundation area [4] . Table 1 shows the data (predictor variables) input into the neural network. Figure 9 shows the calculated values using the neural network compared with the actual values (i.e. teaching data) X A on the inundation distance from the coastline. As shown in Figure 9 , the calculated values X E are almost equal to the actual values, within ±3% error. The neural network estimated the inundation distance very well. Figure 10 shows the degree of importance of the predictor variables against the objective variable (inundation distance) based on the calculations using the neural network. As shown in Figure 10 , the inundation was promoted by the ground (including cultivated land), roads, parks and rivers perpendicular to the coastline. On the other hand, the inundation was inhibited by rivers parallel to the coastline, lakes and ponds, coastal forestation and beaches. In addition, although it is considered that the inundation distance strongly depends on wave height, it had a low degree of importance in our network because we considered that there was little difference in wave height along the survey lines. Table 2 shows the component ratio of land use in the nine selected regions. Table 3 shows the results of risk analysis based on Figure 10 . As shown in Table 3 , the degree of tsunami risk differs among neighboring regions. Measures to reduce the damage caused by a tsunami could include management of coastal forestation, creation of embankments, and construction of rivers (or canals) parallel to the coastline for irrigation of fields for common use. We also recommend that the foundations of arterial roads parallel to the coastline be made higher. 
Risk analysis for a future tsunami
Conclusion
In the present study, we attempted to clarify the factors that promoted (predictor variables) inundation in coastal regions from the tsunami after the Great East Japan Earthquake on March 11, 2011. Using risk analysis of these factors, we also estimated the degree of risk for tsunami in Iwata City, Shizuoka Prefecture, and we proposed measures to reduce potential damage from a tsunami. The main results are summarized as follows:
 Using a neural network for the analysis, the predictor variables to reduce the inundation distance are rivers parallel to the coastline, lakes or ponds, coastal forestation, large buildings such as factories and warehouses, and beaches. Moreover, the risk analysis for tsunami in the case of Iwata City in Shizuoka Prefecture was performed using the factors that inhibit inundation, and the judgments on safety were made.

For areas where earthquakes may occur in the future, we propose managing coastal forestation, creating embankments, and constructing rivers (or canals) parallel to the coastline as measures to reduce tsunami damage. 
